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VAW TRNTA PARAMETSRS (FPLIWEICIET TR ACCTWILATION
AFD RLIRIBATIN OF ~4-WH BOBOKIZE BY ADULY NMBIAN FRIDIS

To 1eviee thy basis of a mathex.ticsl ayetem for scoumulation:
elimination of carden monoRide Yy human beinge.

JOANT

During the pas: twu Lecades various types of expe-imstts bave
been pudlished by 4i17ferent s~nools of inveetigutors dealing especially
with the aocumulation of carbon =waxide and ite ocabination with hemo-
giodin in aduit human beings. ‘e verious parsassters vhick iniluence
cardon sonoxide accusulation, as well as its elinination, ndve mot been
cospletely understood or adequately descrided. [is say psrhape bave
oocourred because of partiocular interest in ome, or at the ucet two, out
of severs! parsmstery. WVhen, bhowever, & fairly cocaplete set of pars-
setera are derived, it bdecrees possible to develop 2 mathematiosl aystea
of soocumulationseliminstion which can be tested with dats published Yy
seversl ladoretoi.es. T™e systea can be solved by & person soquainted
with algedraio methods, and one is abdle to predint the level of cardboxy-
Lemoglodin as a funstion of tise from the initis]l level of owrbdaxyheso-
globin, the comoentretion of inepired carbon sonoxide end oxygen, expir-
atory flov rate, totai bdody heaoglodin, m:-. ‘otal pressure of gas bdreathed.
These findingn suggest thut future physiological investigetions, using
carbon msonuviite as & tracar, should inocliude the msasuremssnt of furiber
paramsters than oftan incluted to date. HEzxamples are given of ths method
¢ caloulation, and tais is used to {l]lustrate the importance of each pars-
sster. Although scarcely any data are availadle n elimination of carbon
sonoxide, i1t ie furthsr shom Luw the aystes may predict the rate of
elimination, especially whe'. using the newest method of tresting carbdon
monoxiie poisoning by means of artificial ventilation with pure oxygen al
8 total aadient pressure uf two staocepheres.
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Ae the Industrisl revcivt!na advinies an' spreade, ®are oariuar

caneride then foresrly becowee pioivesd th/ou-d the incomplets cee
estion of carbom compoucds. 'ateed, it venld welil de trwe thet ke
honeee of cxpesure 1o e ben BMRSR1Le DPOlATHIAS MiVe Deem iadreasing
over since the tiue of the firet firessker. UVita the advint ¢f gedem
Myeioiogy it ecen was poinfed at Wy Cleuis Jernard that sardon ssmnxile
bre & grester o7finity than cxygea for hemoglobia. Its cemsequent
taxieity, being such like thet of ancmic amoxis, Sttracted the atteation
of phbyetologiets inte.seted ia, amehg otber things, the hasards of ocoal
siniag end other industrial and engineoring oymu.. (1). automotive
vekicles used in recent wars produse oarboe soncxide, sad iu the abeence
of adequate veatilation this gas can soeumulate in the vehiels. HNeny
teats pertaining to military sspeots of cartem Somoxide were publisbed
in 1945 ~ 1946 (2). Just receatly, about cme-third of 186 victime of
fatal orsehos in the U, 3. Air Porce had tissus and Blood ssturetion
lovele 1n exoees of 30 per cent csrioxyhemoglndin even in the adesnce
of fire and more eepeciaily when flying at eltitudes shere a con-
cidersdle proportion of ocsbia a'r would have besn breathed (3). During
1954 ~ 1956 cerbon monoxide poiscning scoounied for )10 adalssions for
asd el treatsent in the U. 3. Army. There weie 97 deaths dus t> cardon
somoxide. These figures are lower than sctual bacauss, if exposure had
ovourred in soving vehicles., the cages would have besn repcriod as some
type §f moter vehioles sooident (?9); The indioated tit.e of s Bussian
seport can be oited as showing 1nterest in carboa sonaoside poimu:" in ‘

outer space travel {30).




Mot love.r 0f carvgyhesug.ct.o are langerous’ Bven nan elxsise

have treses of cardegydemog.clia. [a these whe mneke wush tohacoe tae
sartesyhemegiadin oftan rengee fros 9 to 8 por oent of their tetal heso-
Clobia, and WIS atn rise to '2 per osut in pereens vhe eBeke hesvily for
two-thirds or more of & day. Wrief reathing of air riek i 2ardon
seuezide wmA tham eentimuing for 1D to i heurs 2 & wore iilute mizture
vill siiatain & leve] of 1S per cent cerboxybemeglitia ia & reoumbenmt
wubjest at o simuated altitede of 15,000 feer (4. A heevy emeker (J1),
vho was & ekillful odesrver, started this test with & level of 6.8 per
oceat corbuzyhemog'obir. which scen rose te 15 per o.t. Se ireperted ao
ayuptoms Suring the firet hour, "Sut thereafter w ‘waadache which
BO0MNS Progress -Sly WOTE SOVEre, iRCretsing and Almost SONSTEAt DAUSes,
semtal confusion, restliessness, pallor, esld «ztremiticos and & state of
s11d ehook. Theee aymptoms increased 1n severity se tias jessed™. The
cardoxyhesaglobia level was always olose te 'S per ocent, and the ocoshined
oxybesoglodin and carvexyhesogiotin level wee 8) pur oent, thus leaving
17 per oent e3 reduced hemoglonin on the systemic arterisl side. 4Amother
«i1bject (RR), while at 10,000 feet and at & ievel of 'S per ceat ocarboxy-
hesoglodin suffered from “steadily increasing hesdacke and recurrent nausea®™
during the final hours of expoerre, even though ia this cese the ocombined
arterial oxygen and carhon scaorxiie saturstion ves 97 per ocent. At sea
level with nearly complete arterial satwetion with m and cardbon
souoxide, J. 3. Haldane considered that & brief exposure schieving 3O per
oent ocardoxyhescglobin was dangerous to himself, especially if engaged in
exeroise (1), So=e uluﬂo observations were raported ‘v Ssith and
Sharp while using their isproved nﬂhd of treating oerdom mo:.oxide
poisoning (5). BHere, the carbon monaxide is removed with great repidity
2




W semniag ke Silmcied LSliGnt e Wras le pure cEyges through & aask ot

a % asbient prereure of e atusspheres. Om arvive), ome of Wair
patiants, o '9 year old vosan, “was breatiiag spomtasecusly and all re-
flenmee ssre pressat, Mt ebo could b ~ouaed mly viu diffionlty 4 ear,
aget 47, ... wue 1a & toep ceme, hsbengray, witd widely dilated pgila
asd opaeticity of the wpper lisde. Spentamecus respiretios wes abeamt
and Lo pulee could be 1etectel ... (Be) would nermmlly have bess elasel-
fiod 8o moridumd®. The carboxysesngichin wag 26 per oceat in he vessn
snd 50 per csut ia the mam eecn after the time of arrival. Ia genersl

i1t sppears that oartexyhesoglodin levels of 15 per ceet sheuid be aveided,
esposially if maintained for s proloaged period of time during whioh com-~

pl2te mmntal alertness s reguired.

» Mventage han bosa taken of the pAysiologiocal propecriies of oarbea
eumoxide. Trecer qaeatities were used ia the first swucoessful ssagure-
seats of Blood volums in liviag Aumen deings, and with $j%stread’s mique
refinemsnts this method continues to be used (6). The alveelar pressure
of oxygea wes estimated epproximately froam tde etstridution of carbea
»a1de betwes. inspired air amd arterisl bleod (1), In receat yesre
mary physicians have become interseted ir geseers diffuaiom botwosn the
lungs and the blood (7). Pros basit kinetie dats, together with retes of
scoumvistion, Roughton in 1945 deduced that at rest the duration of exposare
of oapillary dlood to slveolar air was t&oo—qnﬂou of a sooend involving
60 ul of dlood (8). ’

Although mach informatin hed beem gathered during a oemtury of
study, the aseurption wes nearly slways msde tht carbon onoxide wes
aeither produced nor destroyed in the living body. In 1949, using the




long=1tved €'40, it vas shewn that aice ceuld czic.se this to c"o, (9},

In the same yoor it sas reportsd hat the cstabeliom of Memsgiedin pro-
duses carhen ssnexide (10). Uree p'ante, slgee sad even dry leaf yewders,
vhen wotted, anke corbea msmezide i the precence of smlight -t oRygen
(11). Sush eppesing reartinmg ani the'r retes apparently hove set been
scasidered 1ia o0 far ns these oan influsnce levels of Meed cearvexyhens-
gledia. In what follows 1t is proposed te ezamine the shief evemts af-
feeting & systes whioch deecrides doth the ascumulation wad elirimstien of
oarbon sonexide. Certain prediotions cas e mede, and these com do checked
with the results obdtained in previcus studise of adult human deings.

. /el
Steedy State Bquilideia of COND « x..  Upem being expeset te air

containing & frestiomsl comosmtretion of carbom sesexide (Py,co)s the

quantity of CO imepired per misute (;x'x,eo) oquals the total of that
whioh is expired (;.h,co). that vhich enters the bedy (;co} md tat
whioh Builds up at & certain rete to & definite cenceatretion ia the fumo-
ticasl residusl cepeoity of the lumgs (VpPy,co)e

;I'I.OO . ;""m . ;w . V’.‘.w e e o 0 0 ﬁl Ii.r.'.'J.
This is aleo true for all other inspired geses Mﬂm oxygea

;'I'Iaoz -;",.02 ‘;02 oVr;"c,‘, o o o o Ellh.‘]. |
The last term in esch expression should bo of particuler intersst to ilose
wvho make trensient anslyses of single breaths (7). It is eatirely possidle,
especially with dilute CO, under steady state conditioms, that the last
tera ooculd be nigleoted so far as concerms the asoumilation i eliminetion
of CO. The last ters in the oxygen expression is weglizi 'y small in moot
cases. Consequemtly, theee lost terms will be droppel ot this point,
although further sention is made of thes in the disouseien. Next, oconsider

4




Lt "i,r,'._., Sy l.st1ll L o) teteven the lirge' RS eXIDANZLNG SPACE
(;‘P‘.:o‘* and toei: lea: sjace (‘:'D'I.CO\

YPp,2 ~ Vala,c0 ¢ %100 |
Tir aloe holde true fur oxygen, end when intreduoed into the short
fores of the firet iwo expressicnn, the gas rates entering the body
Seacas

;coc(;X"}D)PI,OO’GA'A,CO- B 4 3

io?-(ix-.'b)'x.qy~.'tfg,oz.. R I .(2)
The rates of entry of 20 and 02 into the body can also bde viewed ao-
oording to the following genersl equations,

;co-bco(h.oo-h.eo) Y N T 4

Yo, = D0p(Pa,00 = P,02) ¢« v o v u e L0l win ]
in which the fluz, either poeitive or nagative, is dependeat oa the
pulanary diffusing capacitiee (D aod ”02) and the difference in
pressure of the gse in the tlvﬁoll (’A,CO ad P"oz) and of that in
palmonary capillary blood (’:,oo and P,'Qz). J. 8. Balduie vrote that
the pressuree of CO and 0, are interrelated: Py 39 « (x/w)?nz vhere
X ie the fractional saturation of Lemoglobin in arterisl dlood dus to 00,
Y is that due to Oy, and & ie & partition ocoefficient here scoepted to
be constant an.d equsl to 230 (12). The Ealdane relationship and the twu

oquations immedistely adove are solved togather resulting in the
expresaicn R

Yoo = Doo Fyc0 ~ (a/my) (Paoy - You/aB00)T « « « v v o o« 4 (3)
where the constaent, 1 « Do?/bco = 1,2}, socounts for the difference
in diffusidility of O; and CO or the basis of molecular sise (7). The
one prum‘nro than written as the product of the total smbient

pressure and the fracticnal concemtration of the part ular ges, and ihe




ermoel 3 o Uppe - 477 e ntroatuced. on epmting equations ! ard 3,

the valus of curd L hiem.vlobin (£ can Lo ststed. Sowever, seversl up-
proximstions are necsasary in order for x to be astated in terms of Jara~
ssters which henceforth will be considered as fundameutai. The firsi
assumption that y = ! ~ x, which isplies that systeaic arterial blood is:

fully saturated with CO and O,, resulis in the axpression

o3
5",02 - 1-1 ('x - in)"_’oz +* d-’ i""oz-l

xelte - . 3
SaP, oo - ® (Vy - ¥p)Pp co © 8,7, co J

provided 902 is expreesed as in equation 2. Next obewerve, whereas V, -

g - .Vp. only slight error is introduced by writing ;‘ - h‘ - .Vp, and
during steady state equilibrium Jof the single CO flux gystem i’co = 0,

isplying that "'co - rl’co, wvhanoe the above upnu:u can be writtea

Mo, - ‘-1‘(’!.02 - 'A'.bz)

- A 'S
Xo,! - ETI,OO
—

Conderning equatiim 2, the data of oth.rs (13,14) when plotted &s ir

Pigure 1 shove that & = Vo,/P - 1.0498 (dighly ocrrelated, r = 0.962),
which isplies that 602 ie dirsctly proportional to i‘ at :’02 rates of
less than 2,500 al min” . Thve results how thet Fy o) = P1 o) ~ %
bdoth while st reat and during ezsroise vhen voz rates are lass than 2,500
el min”'.

7roa the sbove, it aow becomes poseible to write

z'.,-(103/a),..,..................(4)
vherec = 2wPp oo and B+ 3(Pp g - ) =47 & 7). Purtter, froe dats
on the sase 3dult men and wosen as shown in Piguwe 2, “ = 0.835 W -

1,12C (very highly sorrelated, r = 0.996).




The equation fur s, isplicitly requires that,of the CO which

enters and leaves the body, practically all of it combines wiil ksmoglodin
and that none is orxid!szed, hydirated, or otherwise ircken down, or even
produced, or else thet such opposing reten are equal. Barly tssts with
redioactive tracers emplayed sto prepared in & oyclotror from B0~.
wcause of the 2 ainute half life of this isotops, the tests lasted for
only one hour, and lems than one-tenth per ceant of the c”o whiok disap-
peared from the dlood was expired ae c"o.‘, {1%). A contrary oconolusion
vas later arrived at (9) by exposing mice ir ocontrolled tests im & 12.5
1iter chasber iritially containing close to 10 al of CO gus togstder wita
treces of the loma-lived C'40. Depending on the number of eios, fros
ane~hal? to Leo-thirds of the CO diuupurod_ln the oouree of four days.
The rate of osmversion of C'40 40 C'40, was reported to de 0.29 (1073)

ml ar' g1 of Yody weight. In tests of recovery of total O following
three hours of equilidration of fresh whole bdlood of rats, dogs and humen
beings (12), the rate of disappearsnce ves 1.8 (1673) a1l min~! ¢! of
total COED. If in the mice tests the total hemoglobin wes 0.01 of the
body weight and this was one~-third saturated with CO, the rate of oun-
version of C'4y <0 C'40; would have deen 1.6 (1073) al min~' g~ of

total CrAD.

Sjcetrand measured the small queatity of CO whioch was expired By
adult buman beings who dreathed CO fres air (i0). He oconcluded, as Lem-
berg indicated on biocheaiosl grounds, that the daily hreakdows of
hemaglobin yroduces CO. At & mol ratio of 4sf ud 1/izo of the total (ZHY)
heaoglobin produsing CO daily, this oould funish 0.007" (1073) ml
sta! ¢! of hemoglobin. Thie rate, inet recently veriZied (27), slightly

opposee the exidation rete iiocuseed adove. Thus, 660.002 - '..ﬂ
1




heo2my

. -t -t
Vn'm’;u?-(rx-e)):ﬂ'b......-.@un 5_7

where x « tLa proportion cf CGEb, r 2 1.8 (1073), and o 2 (G.0073; 107 .

At equilidbriun uuder steady ataste conditions of the postulated triple
-1

flux sgstaa, "’m - 'I,CO - v“_co’coz " . Conseauently, the equi-

1ibriun statsmmnt for the tripl: flux begins as
=1

oll ¢ d .] i’
'3 d-Y(n.’s «?ﬂ . . j

which takes the form of a qguadraiic eguation

s &wa—f}xvl—

wared and § are dafined under equstion 4 .nu’. a(t » sv, ) L.

A definition of\ Dpp is required in oriar o compiete both the

angie flux, Xy, 19 and the sripl!e fiux, 2q,30 equations. It seulad be
derireble to write this looonunc to parassters slreedy esplayed, such
as rate of alveolzr gas flow and tctal hemogiokin., Pigwe )a shows &
plct cf average valass of Top ard i‘ at reet md at emercise for indivi-

dusl wen and women studid 'y other inveetigatars (14, 17). In all

otaee, Doy inoresses with 1.7‘. On the average, Dgog increases by 0.915 al
20~ ="' of Hg when V; incressse %y 1,000 sl ain~'. Prom this value
o’ the slope, the mean intercept on the ordinate ocesm be foumd for esch
person, thus indicating the valus of Dy vhea V4 = O. The valuse of
tts interoepts are high for large mem, low for small aen, and even Ioivr
fo- womsn of larger bYody surface area than some of ‘he small ssn.

$)‘etran? fomi fcr du%h squsre meter of surface ares ¢ men had 429 g

of total hemoglobin -n‘rm wosen had only 321 g of total hemoglodia

(6,. Pigure )b shows that, on the average, the intercepts om the
8




ordinate of Pigure 3a increase in proportion with the quantity of 2Xi:

ss predicted from body surface area of men and women. This cuggeets ci
espirical grounds that in edult hisan deings |

Doo ¥ 0.243 THL - 1.5 + 0.915 (1073) V,.
(n tnecret.cal grounds, Roughton and Porster (!8) wrote that DOO‘1 -
D..1 + fevc)"’ from which of necessity it follows that Dy > Doy &nd
that Vg = 67 (1 = £)"! Tug where r « Dp Dog . The mean valus of ® "’
for six men dreathing room air san be ocokputed from their data to de
oloes to '.41. On the aversge, r 4'!‘-.15. Vien cuir prediotion of Dcp
1s introduced, Vo & 0.110EM + 0.00234f, - 29.4. Becsuse ZHb was not
measured c reported by thes, Vo ¥ 36.7 & » 0.00234 V) ~ 29.4 vhere A is
msle body surface ares in square meters. Prom this, if ¥, ¥ 5,000, for
their six subjects Vo = 69 sl as compared with 59 ml by & steady state
method in whioh they sotually determined Dy, and €. Cf further interest,
our preliction of Dpg sllows Vo to incresse with the types of exercise
which osuse ¥, to incresse (8). An 1dea of the precision is shown in
Pigure 4 vhich ocompares predioted values with those reported from tl;m~
ladoratories (18, 19, 20) in adlition to the two lcborstories (14, 17)
from vhose d=ta the prediction equation was built. Bere, the standard
devistion of the difference ‘8 03 = 5.0. If that of sotual messure-
ments 1s @5 ¥ 3.0, 1t follows that for prediciion the q ”J“.’s—o- -
5.8 whioch, though less precise than an actual measurement, is suitadle
for the present purposes. Among the pm-nintm ihioh influence Dog, ot
leasts two of theee of comsilerable iupor{n« are total dody hemoglodin
a8 wvell ss rete of veatilatioa of the lungs during the chamge from rest

to exeroiese.




To sscertain the vaiidity of x, | Or X, j recall that the 7946

Pensaccla studies of the D. S Navy {4) were performed by first breathing
0.7 to 2.0 per cont CO in air for about three minutes, until it was
guessed that COHD levela were such as to be similar to those which even-
tually would bave buven achieved while bLreathing a more dilute mixture of
CO in air. m«n_-mmmnwuulqumlofm. this wvas
steadily maintained by breathing the diiute .v for periods of four to
seven hours, during which arterial and veacus levels of CON® were equal,
fairly stesdily msintained, snd thus oan be tewed x,, "measured®. Table
1 lists basic dnu and the ooq:ufod valuss 5f A, 8, and Yfor eich of
the total six tests on the three wen. Tie filled ciroles in Figure 5
ocapare the 24,1 valuss predioted froe ciand § with ths x,, “measured®
valuss. The crosses in Pigure § do ﬁou-.torx.’, valuss from whish
1t becomee sbvicus, if the triple flux aystes operetes in human bdeings,
that the oz posing rates have similar values, t.e. rx.’s“ o such that
&)}ﬂn,d - o). In eupport of this, Krubfffer’'s experissute (16),
thet portics dealing vith rats eod ‘e oxidatios of G'40, can be cited
s “Sowing that r @ 0.3 (1073} lastead of 1.8 (1073), At thie stage,
Xg,1 S00me parfectly sstisfactory for tbe prdiction of equilibrium
levels of COED wder steady .otno conditions. Although granting the
possidility that CO 1s produced and aleo deutroyed Wy the liviag wody,
1t becomse unnecessarily cosplicated whea the influsnce of such prooesses
are oonsidevad, as wes done in the derivetion of the :qutun for x4,3.
att ) - [ ) il
of time. In the early 1940°s suitable methoda were deviesd for wsseuring
low levels of CONd (19). Theee were emploved ia tewts orformed on
adult bunen snles, vho sestly were phyeiocslly ualified for ailitary
survice. Beowse of the dangers involved, x wee never allowed %0 rise

10



mch bayont a level of one-tRir. of the totsl availabla beaoglodin. In

soas laboratories only a aingls blood sample wis withdrewm, usually fros
a vein, and this wao doas at s definiis time from ) to 100 minutes after
starting to treathe a known dilution of CO in either air & “pure™ O,.
Bealizing that smsokers bdegan with a moderetely high level cf COND, one
laberatory withdrew two blood samples, one at the start and the other at
the end ~f the test (21). Usually, the pressure was that at sea level.
A fow tests were made at the low pressures cbtaining in chambers for the
sfimlation of altitude. The subjects were seated, rocumbent, mnd same—
times engaged in the exertion of "hard work®. M‘vu.-c s mask, tightly
oovering the nose and mouth, into which was delivered the desired gas
uixture at a rate stated as expiratory flcw. Ome ladoretory reperted
the measured bdlood vo:ume of each subjeot (19); inother gueseed st the
blood volume om the basis of an older method of prediotion based on body
surf2se aroa (21). The hematoorit ves wﬁr‘n’oﬂd,‘ md only in one
s3t of teets were the 07 and CO capacity of & milliliter of dlood
actually msssured and reported (4).

Ia other words, none of the teets odtained and raported messsure-
ssnts of all =7 the necessary parassters. Probably, those which ia all
0ases vere relisbly reported are ss rollowes Pp oo Pr,0,0 Tas Py aed
x. In cne cese 1, was reliadle (21)) for the other csse (19) we have
m.tx,mumummot@ofﬁoubmu(’c)uu
wheths. the others were emokers of tobecco. In ome st of tests (19)
the reported biood volume .s perfestly suitel for finding Lid exocept
thot the CO ospecity ;c not listed, 87 ve have assumed that each sud~
oot had & ospecity of 0.2 sl of CO per sl ef slood. Poi the other set
of teote (21) we have used SjSatrand’s value of 425 g. of hemoglodia fer

11




esch zquare meter of mule body surface (6). PMurther, ocrtain paramiters

vere never msasured, and we Lave had to appis the interrelation of i" and
.'02 with ¥gj very recently, sisiler inierrelationshi. we=e piblished
deiling with the control of respirstina and ciroulatica (22). Bowever,
the reader should reslise that this say apply in rest and exeroise dut
oertaialy not during Wperpuea. 1n the 1l tier ocsse the presamt study of
s gystem ia doﬁoi;t for the ascousulatian and clldnaﬁon of CO, The
sole remaining pareseter i3 Dog vhioch we derived ahove in order te com-
plate expressions !u-x.’, andx.'y As & comsequense of the way ia
thioh Dy was correlated with 7, snd ZEM, it follows that the preétutica
of Dy, though suitable for adult humea brings, certainly ehovld not be
applied te iafants, small childrem, and exporismial anisals which have
ZW of 200 g. or lese together ¥ith lov valuss of ¥g. In order to write
& sore thorough prediotiom, there is need for further experimmts om ihe
sotual veluse of Dpoo LM, mad V,.

It e esay to make the above oritical remsrks after hﬂn‘ md
the ﬂuum of ocoupetent u:v;\un;ton who, while uplwuc the aocusu-
letion of CO, maturelly placed more emphasis on s0Be peramsters and
exsluted vtheva of less curremt intereet. In recogaitiom of this, ia <be
tabulatica of the resulte of 51 tests fres the litereture, we have iadi-
- oated, vhere necessary, the sesignet valuse (Nlu 2ed }). The reader
whe follows these tabulated valuse can ooayute or prediot x aad see this

cozpared vith the msasured volus (Pigure 6).

The dasis on whioh z(L) cen be predicted reets wpom wae approsch
of the scoumilation reeotion to s eteady state equilih: e, Xy, 1° Coar~
tainly this eta 30t Yo ssoertained froa ealy ene or o deteruinatioens

12




of x at a given time such that the mai.s:m observed valuss of x£0.33

Xy, q¢ Although there is little inforsation for judging which order of
A resotion pertains to socusulation, elimination of CO ig claimed ¢o ‘bo
8 first order reaction. From this it 3ay de inferred that acoumlation
ia slio & resction of the first order. Repested ststements have been
published ooncerniuy the order of eliminatiam (e.g. 2, 15). An especially
clear presentatiun of data is that for s single sud‘sot (VW¥), whc wn-
doudledly eliminated 20 in the order 3o claimed (23). %hs mitlect was
osrtainiy an interested persca ¢f expsrience who prodably vas adle to
keep i'| at & steady rate throighout the period of the ome hour test
during which ¥ wes asasured at intervals by tvo experis (¥SR u'rm).
"heoe indiocations, together with the dortnt! value of x,, and the ap-
parent linear relationship of x with time for the early etage of the
prcess (2), diotated an attempt to write an exponentisl oqnticu whioh
desorides x(t). The mathematiosl treatment begins with the gemsral first
order equation £ = A + 3o "', The initial and equilidriua ewmditions
detersine the consten¥s L RAX B, 1.0. vhen t = 0, X = X, and vhen § « O,
X = xgy, Tesulting in the expression '
x-x,-’x,-xo)o.“....................(5).
It ie now necessary to defins k, which determines tio rate of the proocess,
in terms of pareseters that have beea provisusly designated as fimda-

mental. This beg:ns with & linear approximstiom for Yoy during the firet

part of the secusulation. Various workers (19, 21) have noticed the
resulting linear relatiomsaip, x - x, = fit, and bdave sudetamtiated 1t
with their data.

A digression will olarify this linesr relsticnshiy which ultimstely
vill %6 selvel simultenecusly with equation § for x - 24 « 1/3(xq ~ x4),
13 '




the one-ithi~d »joint being chosen b cause vquation 5 is nearly lineer for

the firet one-third of its range. (X - zy) indicates am inorease of CO
in the blood equal to (£ ~ X )s ZUb which, in turn, 1s equal to the
quantity of CU inepired minus tne quantity uptrd.(}ix Prog 4t -)’V‘
Pp, 4t), Provided the buildup of CO in the lungs' “wactiomal reeidual
ospacity is neglected. If tho linear approxzimatios "‘30‘ e Vop 1o ‘oo-
ployed, the integretion of equation 1 gives

Voot = (z =~ x5)8 Z M
vhich implios that § « Voo/s ZEb. Next, a fastor is inserted which will
allow the pressure to be other than atsospherioc st ses lovel, resulting

in the expression

’-m—o vhare f,.[r-z-.ﬁ-s.‘l;!
Jsing equations 1 mzumuu§x‘li|mmutam of A, p,
md ¥, Voo can be rewritten thuss

. 1
Voo = (d- §- 0)V 2.
Noting that ieo is a funotionr of x, ¥ is solved Yor a point when the
process has completed ome-third of its full renge, 1.0. vhea

z-x /) (2, - x,)

At the one-third point
-1

e ; 3 - o
’1/;'-;,7’3"“-"“[:73;; "']

Returning to the first order equation 5, k eam now be foumd Wy
solving this equation and the establighed linear relationskip for the . '

above stated one-third puini as indiocated delow.

-1
tyy . (1/3)(zy - 'o)(m/}) -3(11/3)

(1/3) (g = 2;) ¢ 25 @ g = (25 = 25) @
14




/
:,.g.._.:lt}_nn 2/3
I, - %o

Esving found an expression for k, it is inserted into equasion 5, ',/'3
being replaced by its equivalent, and the constant ters Jl!..?./}_.

being mymbolised YWy hs "
| (&'(.!Lﬁ,. t .
" - !o e o ¢ & o o & & o o 0 (6,

xex, - (xg-1,)0
vhare, in review,

s = 0,00 e 0.0456

» = 2)0, partition coefficient

:-1.uuotcotoutmum¢rnofwlom

h = s~' Jln 0.667 ==0.909

-1

4 « Do,000 = 1.2}
f, - (r-47) 713", sswmuaing dry ges is mm at a pressure
of P mm of Hg.

e (-;—%-5; -1
Xg = Xg,1 -['-*./GJ-'
A= Sa P10
B -5(ry o -0 - ey
Yeu(1 o %7 )2M
3 = Dpg(P-47) |
Deo = 0-043ZM - 11.5 + 0.915(107),
¥4 - 0.8)5 i - 1,120 | |
Predictions, scoording to equatiom §, of the proportica of the
sotal hemoglodin which woild ooour ae cartoxyhemoglodin are oomgared
in Pigure 5 with actual deterainations reperted ia & tests verried
out in two latorstories (Tadles 2 and }). Thirty-eix teets (filled
oiroles) were done at a totsl pressure of spprexisstely one atmoephere
3




while brsathing & mixsure of CO and air (19, 21). Pive tests {circles)

were ione at one atmosphere while brsathing CO in 93 per cent O,. Ten
tcats ware done at total pressures of lass than ons atmospheret in two
of tLase, the Dressure wes so low ag one-fifth of an atmoephere, and CO
in 98 per cent O; was breathed (triwngles); in eight of these tests the
jressure exceeded one-~fifth of an atmosphere and CO in air wes breathed
(f11l1ed triangles). Tabdles 2 und ) show that each subject started the
test with different levels of COHD, x,, and during the exposure the COHd
rose to a higher level, x, which is shown by the absoissa u Pigure 6.

The standard deviation of the difference between predicted and reported
valuss cf x 1803 = 0.015. This vould represent the precision of pre-
diotion if there were no error in the method of seasuring the reported
valugs of COHb. Osecmstiric wethods, such as those wsed in the two labor-
atories, are more »recise at low than at high lmln of COMbd. If so, it
follows froa a"z - qz . diz that a low levele O ¥ 0.015, vhereaa at higher
levels, of e.g. 0.3 COEd, 03 ¥ 0.020. The meen devistiom, I « 2.021, oce-
blmd-ith:?d‘:.vu'und to draw the two dashed linee in Pigure §. The
intercept on the ordinate of the uppermost line imdicates tiat the 20 |
precision of prediotion ‘s approximately 0.05 at the variocus levels of
COMDd inv:lved in the total 51 teets. Of more importmmoce, however, the
predictions appear to de valid st different total pressures amd ocnomm-

trations of inspired O,.

LNYLURNCY OF FUNDAVRWTAL PARANETERD

In orier to illustrate the influence of the fundrsantal paremsters
included in equeiion 6, it 1s believed advisadle o shov, with an example,
bow to compute x. Them, by graphic mesns, it is prop. Wi te show the

rela‘ive importance of each parameter (Pigs. T = 11).
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The pioced.ce fur walillet ng Loty xg and 3. although algetraic,

is comewdat lsug.hy An ezaspie using liksly vslues for the vaciables,
will illusiraze tne :-;cod;.ro‘
Qiven P <760 . - amcl Bge
Vg « 10,000 . al per minute
Prng=000 . i per ml

P -0&1 al per al

<
3Hb - 8¢z gray
x, - O 8¢ . properticnate initial ssaturstion with CO.

‘Using the definit..rs set fcrin ‘amelidtely following equation 6, it is

fourd, %0 within three significant dig.ts, thats

v, ~ {9.835)110,000) - 1,120 - 7,230

* Bgp - WO SHINBK) - 115+ (0.915)(T.23) - 29.5

2 8 2 (79 5){T1.) « 21 000
A, 8, M:an e deters-:ied ua.ng S and the various other equatiors ani
conrtants specified under ejustion 6

G = (27, 000)1520)10 001) - 4,830

B~ (1.00G1,0.210 - 0 €298, —2ARNL20). . 3,070

1 23
21,000
¥~ (2:0)01 » 5455 /800y - 119,000

Wow, the des‘ced predici.une can o nade

e em—ee o 0 611
1 ‘4-9-‘-9
4,8:0

Sirce 1, - 3 050, & valiue cear that of & person who smokeo moderately,
ihe expcren: .f sq © ma; ra 2etersined My uoing the valuss ocomputed

aboie of §., B, ¥ . -e.ognizing hat tp - 1.0. Whenoce,

- ’ « 0N

o -t

0 611 « (0 (50,
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and the exponent of equation 6 is

(- M) _£4,830 - (0.511)(3,070)_7(1)(-0.509)
Yz - o) 719,00 (0.611 ~ 0.050

Then, tae level of carboxyhemoglobin at any tise decomes

t =« 0.00875¢

x = 0.61% = (0.611 -~ 0.050)e =0.00875¢

If ¢t « 20 ainutes

0,175
320 - 0-6'1 - 0.56’.

Sirce the "natursl” aantiiogecsiiua of ~0.175 « 2.339

Ty = 0.611 - (0.561)(0.839) = 0.140.
It is thus seen that a large man with a woderste ventilation rate, vhes
breathing room air at atsospheric pressure diluted ‘to a level of one-
tenth ver cemt carbon sonoxide, could have s oarbexyhemoglobin level of

spproxientaly 14 per cent saturstion after 20 minutes of exposure.

The 3dove Lype of example can de expanded to iilustrate the influ-
ence of the various paremeters. Allen and Root (12) detersimed the
partition coefficient m at 37%€, using serotongmsters containing fresh
whole blood miztures such that within three heure oquilibtrium wes sp-
preachea Srom eithor direction. Purther, the plasss hAydrogen iom activity
vas osused to vary with 7C,. When the plasws pil was 7.)0 tv 7.36, the =
value was 230. At lower and higher pH, i.0. T.15 aad T.40, m foll to &
value of 170. Sendroy does not bouqn that o {0 affected by plasss pi '
(24) and acuordingly would trest m as oonstant snd equsl to close to 20,
as nas hean 1ane thus far for the purpose of simplification. Tabdle { s
prepared t. show that if @ were to vary froa 170 te 230, this would omuse
steady stae equilidria levels of ocardoxyhemoglobdin, Xg, 10 to renge froa
0.354 to 0.61. HKowever, for at lesst two heure during spprossk to such
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oquilidria, the adsolute valuee of cardoxyhssoglodian would rise similaily.

Bven 1f u were to vary through this range, it would bave little influence
on x(t) values for at least two-thiide of the total soocumlstion. It
therefore seems reasonable to asoept a s a omstant aad presemtly to
ignore the olaimsd influence of plasma hydrogem iom activity.

On the dasis of equation 6, various m'd secumlatien of 00
are showmn in Pigures 7 through 10ﬂole£u‘nipdwﬂhm
legends. PFroa Pigure 7 it is olear that air oontaining 100 parts of 00
per million would lead to & steady state egquilidrium of 15 per cuat CONM.
If air ooatund 1,000 p.p.s., the Zq,1 valus would rise to 61 per ot
COMb. In contrsst, if 98 per oent Oy ocontained 1,000 p.p.s., the level
would b 20 per cent. The sbove (Pig. 7) would aleo have besa satiol-
pated sppreximately by Baldane (1). It is doudtful, M, 17 the
following Figure 8 oould have besn predioted Wy hism and Ais oslleagues,
since full use of the presently derived equatiom § is involved. To
reack 30 per ocent levels of COND, when dresthing air, would require
ouly 5 xzinutes if the air ocontained 80 msuch as ! per oeas 00, Sixty-
five minutes would be required to resch this level if the alr centaised
0.1 per oemt CO. If the air oomtained 0.0 per cent 00, 1% weuld take
120 mioutes for the percentage COND level to rise aaly frem 2 %0 £, The
above would coour if the expiretary flov wsre maiatained ot s ssbient
rete of 10 liters per minute. At retes grester and less than this, the
curves in Pignre 9 show that the approach to steedy state equilibwriua
vould oocur far more repidly if the veatilation of the lungs were te
im. Pigure 10 showe that with lesser quantities o. tetal dedy
Memeglodin the rate of approach o steady state equilidriwe weuld




o s P T to combine with

increase h e

600 grans -~ nee ..o .t S e s oswiurats o T 3 per cent.
Muring 3 s.ai.ar cas. 0, . Tt L vrnna o8 comoglobin coull some
bine with a larwas s t..y F 70, L7 AL, e satusdtion weuld be
slight.y .e8n than +.cre il ©3.ai *0 » rer ve.t. Prom these 11lus-

trations it tppeara that tle aost lajurt.t paraseier is ’I.CO followed

in deacending cries i, Py . tren g ana firally 33b.
v

ALtRough acoumalation 1P o car be viesvei as gst forth above and
dangerous situasinns v 1t w0t soma ¢ the fundasental paressters 1in
phystologica. tracer ex-s: i1aerta ur be -'w:xgipltod, it ie wise to
emphasite tie #.11.na’i1cn of N frox the L2dy. This especially should
be of intexsat t~ ~'vo.:lann wac w.o ! £ind the obswervations of Smith and
Sharp (5. to “» rvadi-tutls wba uuine equation 6. Let us consiler that
their mwrrid>rd nale patient couid hive DAd 8 £) par cani CUEM level, L.e.
in this onae x. = T i, At ir» st.rt o7 ibe treateent at two atsospheres
of ambient niressurs Murther, sccept thei: finding with the reversion
spectrey~ops that, afle: osa @ ur - <rea‘sant, g COHb ¥ 0. Qxygen
was breathad through + sa.s, .o ‘:_0’ % 2.93, Juppcse ’I,CO - ‘O‘5 or
10 p.p.r. ¥ the artifizia. cert_latica -ute waa 10 liters win”’ and
the tolal Tudy hams2 stin whs "' o ade, &'! the neceasary paramsters
e~c teen asel mad Tt auetiin ¢ predtste tbe repidly desoending
ourve, liawn wilh 4 “uchel ltin o Trguze 1T, waick after 60 wioutes
of treatmer:, antic patas ‘lLare %o e ) per sent COEL inetead of “none”.
Ths ad:icsat surve irnd.cncer. wita all pacsocaters the afxe except thet
the ambleu’ pirvseusrs 18 .1e s uCAapne-a, that tie rate f e.imination
would bde 2.5 timew mcre <.uov  Tue 15l of the dasned curves is of
interest to aviat.on el  .re, shr:w.ng u% .re-nalf of an atmosphere

-
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that dresthing of $8 per cent oxygen would eliminate 7C a2t a rate of

2.9 tines alow r than at one atmosphere. Siailar effects of amdient
preasure on elimination of CO vculd scour when bresthing air, except

that 8t & given pressure, the rete of eliminition of CO would be 6.5
:imse wore slow than when bresthing 58 per oent oxygen (three comtinucus
ourves in Pig. 11). This six-fold relative difference is precisely that
oited by Liliemnthal (?) for findings in two laborstories. HNowever, there
truly were sbeolute differences ia elimination half-time detween the two
ladorateries. It is believed that snck oould have oocurred if the sub-
jeots of Roughton snd Boot (25) mizht bave had & low ventilaticn rete

of 5 1iters win™', shereas those of Lilienthnl snd Pine (cited in 2)

. might have had either a ventilation rate exveeding 5 liters ain~! or

else a total dody hemoglobin lower than 800 grems. Although it would
te desirable to refer to other studies of elimination, such as froa
dogs (26), the present suthors have sarlier indicated tiat for equation
6 the derivation of Dgg and the interrelationship of io.‘, vith V) and V3
sontain Imowledge that oould preeeatly apply omly to men and womesa. It
therefore sesms that the sams fundamental p-n.uu affecting the ao-
ocamilation will operets just as effectively upon the elimination of CO
from adalt husan beinge.
DiSCIBSIQN

A ori'ique of the weans employed (o obtain & predictiom of dlsed
carboayhesoglodir chiefly concerns the faot that, whereas it was  residle
to state certain fundasental parsmsters, it ves impossidle to find theee
08 having been sctuslly ssasured and reperted in their emtirety ia the
various cited sxperiments performed wa.h numam bdeii v, It is indeed
gretifying that, in the tests of prediotabdility, the resulte en scormulation
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(Pig. 6) and olimination of CO (Pig. 11) agreed as well as they did.

T™ie suggests, should future needs arise, tha: instead of wexing est:.-

mates of various parsaseters, it =11] becoms desiradble ta mesgure these

with independent us thods captit'plo of dazacting ali .f the naceaasry fuctors

involved in the somputation of ¢ given paremeter. The presently app:.-eo-

iated parsasiers vam ho listed sccording to dscresasing order of aben.ute

precivion of ssasuretion renging fros errors of ¢ 0.5 per cemt to + 5

par oﬁt. or somewhat more, as followes Px- ’!20' b 4 'I.GO’ '1,02’

Vo, Voop: I, Vi, wd Dpg. These, in part, are susocisted ith the

oonstants 4 mnd s, Purther, in the true statensat x ¢+ y ¢+ 5 » 1, it

was coavenient to let 5 « 0, vhere s is the proportion of total funo-

tional arterial hsmoglodin cocurring ss reduced hemoglodin. It wes 2ot ’r ‘
only convenient %t 21s0 necessa:y because of lack of full information | j'\L"v‘
to interrelate oerisin of the above besic parassters, thus saarifioing |

some precision.

The error involved in equating ;I and i. is negligibly amall.
vithin faicly wide lisits ;o? - 0.0498 i‘; 1f ;332 « 0.83 ;32. 1t omn
e ahown that ¥y = 1.009 ¥y, thus eliminsting the necessity of ocol-
lesti.g inforsation ca Vog,. Purtber, froe the interrelatioa of ;02
and ¥, (Pig. 1), 1% becomes possible to dlssiss, though with osrtain
sisgivings (hyperpues, O, dedt, eta.), the necessity of reportiag values
of ioz' Henoce, three %asioc parazsters cam %e expresedd in terms of ;‘ ,
1ok 18 very olosely relatad to Va (Pig. 2), & peraseter easily measured
and often 1eporied. Altmi,cpoouuui investigators to date have not |
reported on the relationship of N, with ZEw sl V,, their dete sre | ‘
highly suggestive of such, at least to within a pree mtly suitadle
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degree of precision vhich could ceriainly be ihproved in future studies.

Therefore, the nine pressatly appre jsisted pa.anm.*re decrease to eix in .
ousber ead ocnsist of the followings P, Xy, Prcc: Pr,o Ygr @ ZM.
Thowve oertainly stould de accurtisly msssure’ and reported in studies
using CO as a trecer. Among these, the omly ome whioh is difficult to
ocomprebend is ZHH boomu this obviously includes nom—circulating hemo-
globin (er iis equivalent). Several scbools of investigators bave indi-
oated that the nom-ciroulating besoglobdim is about 15 per ceat cf the
ciroulating bemoglobin. A means of reporting ZXEb would de to msasure
the total circuiating hemogiubin by one of variocus msethods and thean
nlttpiy this by & faotor of 1.15 (26).

Concerning the CO duild-up in the functional residual oapacity of
tuo lungs, it was stated early in the above derivations t'st Pm

approaches sero ss the exposure tias inoresses. The quantity of ges

/

‘k( Wi ot '[Vapo]“‘-['ﬁ.p%.)ma builds up the CO

ocnoqmuu in the lungs may be apprecisble, especially if the inspired
co M&stiu is high. This is spparent when it 1is noted thet at
equiilivriua "’co spproximately equals ’I.m' and that this partioular
equilidbrius is rapidly approached in the lungs. If tke exposure is of
loag durstion, the quemtity doee not have swoh off_oet sinoce it is small
occapared to the totsl CO in the dlood. Por Mgh inepired oemcemtrations
necsesarily baving short exposure timse, the quantity decomss signifi-
ommnt. In moet of the data referrsd to YW the suthoTs, the expoeure
times were probadly suffioiently long to permit disreqard of this
quantity. In the few cases where the exposure times were short, the
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data were such that estimation of this quantity was imspossidle. Hence,

1t was neglected, although a thoroughly somplete system should contain

the term, W, cor

It was stated prior to equation 4 that X ¢ y « 1. This would be
true if the O, and OC pressures were sufficiemtly high so that hemoglodin
becams fully satureted with 0> and CO on its passage through the lung can-
illaries, and a shunt never existed which bypassed theee ocapillarics. Tue
relationship should correotly bde stated ag X ¢ y + 3 » 1 where s perbaps
oould be defired as funotions of Py o sad Py oy together with & shunt
factor. Altogether this would slightly affeot the computation «. Zg, 1+
Por sudject JL in Tadle 1, sinoe s e 0.17, Zq,1 -@.83 S 1.519/(‘.26'5]'1.
0.151 instead of the value 0.147 vhich wee cemputed on the asm wption
that 8 =« o. This subjeot had am exceedingly iarge preportiom - ! reduced
hemoglobin in the aystemic arterial dloed, dws to his deiig expesed for
seversl hours to A simulated altitude of 15,000 feets, yet the caloule~
ticn of x, 14 soarcely affeoted in this imstamce. '

There have now been smticned ssay refinemsats to the presemt
aystes which ocertainly sees important. It was intended t0 make the
aysten aa sizple as poseidle, and mmay spproxzimations vere neeesearily -
eade to keep It so. The preeent lack of m’.n-uu oertainly
ooull lead to insdequate interpretatiens. For ezample, vhem twe possidle
refinemsnts (the production end oxidation of 00) were inoluded, the
resul ting expreesion for T,,) Yo mod sere ocsmpliocated and 414 not
agroe «ith reported values. It is believed, however, that if all
faotors were token inte acocount, and the rearemsters necessary for their
csloulation were adequately deterained, the ceaplets aysiem oould %
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improved deyond its present capabdilities. The design and execution of

aporinents whioch should enadle investigaticn cf these various ideas
are being oonsidered. Minute quantities of 240 sould bde safely used,
and its aoccumulation and elimination fros the human body ocould be de-

teoted oontinucualy with a vibrating reed electrosster.

ACIONgDawT

Thies survey of selected litersture and the duildiag of a pre~
dioction systea started at the recent aunual mectings of the Federsted
Secleties of Rxperimsatal Blology whem Mr. A'laa Claghorn (Linde Com-
pany), who has _ong been interested in standards for breathing guses,
asked 3n bdrief “Would 100 p.p.m. of CO de damgercus to SCUM aiverse or
mm.wwmp.p.-. 7" At a %total of three atmoepheres
vith an asbiemt flow of 10 liters min~' a fajcly large mea starting at
2 per oeat carbcxyhemoglobin oould reach an equilidrium level of 12.9
per omnt vhen breathing 100 ;.;.a. of CO. After 100 minutes of _
exposure the level would b cmly 3.4 per oent. After 1,000 minutes
this would rise to 10.2 per oent. Cardoxyhemoglodin levels eo low as
theos oould elevate the threshold for visiom in dim light (28), dut 1t
1s doudtful 1if other physiologicsl fumctions would de seriously af-
feoted during periods of time spent in such diviag. i}
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TANMSE 1.

Sadjeet
| 4
o¥,.1073
‘I

Prediction of steady state aquilidris, 24 1 ®d x4

vith “"measured” valus (tased om dats of Lilientha
Preesms]l, and Prenke, 4). '

I
401
10
800
104
0.2193
11.35
0.04%8
0.2615
1.519
0.393
0.110
0.147
0.151
0.068
365

Yoo

I,
598
10
o0
1.5(1074)
0.2105
17.7
0.0¢%8
0.611
2.439
0.510
0.181
0.200
0.2%
0.068
260

m,
523
10

Riley,
m; cey cr,
523 523 523
10 10 10
800 800 800
0.5(1074) 0.5(107) o0.5(10™)
0.2084  0.2065  0.2084
153 153 15.)
0.0498 0.0498 0.0498
0.176  0.176  0.176
2.022 1.993  2.022
0.466 0.466  0.456
0.060  0.061  0.060
0.080 0.081 0.080
0.086 0.075  0.0T3
0.011 - -
3 34 305

» and

® Valuse aeeigned by pressnt suthors but not given Yy investigators.
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Table 3.

Prediotion of COEb as & funct.on of time, x, in tests lasting up

%0 30 minutes om thiriyy-two sen at two different press res vhen breatihing
alr wvith so 1ittle as 90 parts per milliom of CO (based on data of Pace, V.
V., Consolasio, Whaite and Debnke, 21).

Sudjeot v‘(vo") m rp co(’°3)

EsdIRGNEEE 8 EERESE

Edx§

al ldn
6.5
4.4

4.0

3.7
13.8
16.8
19,1
17.9
14.8
24.0
18.5%
13.6
?4.7
13.2
14.)
17.5
14.5
19.7
13.8
16.%
13.5
4.4

875
796
817
106
761
854
862
883

71
861
8%
749

a1
1

I1 a~!
2.0

t

C 3 £

. 75%
0.753
0.752
0.79)
0.770
0.1
0.773
.M
0.

0.719

0.722
0.627
0.628
0.627
0.738
0.760
0.187
0.707

0.102

0.690

0.604
0.601

c.022
0.010
0.000
0.040
0.004
0.01)
0.033
0.029

0.036

0.017
0.037
0.069
0.024
0.050

LY

0.072

0.042
0.064
0.054
0.0n8
0. "

JOR

[

pred.
z

0.191
0,142
0.114
0.157
0.302
0.326
0.365
0.355
0.337
0.331
0.302
0.289
0.241
0.290
0.236

0.308

0. 304
0.301
0.255
0.229
0.220
C.266

reported



Table } (Cont'a)

. pred. repor-.ed
Subjeat v‘(m‘i’) Sm '1,00(1?3) N X x x
al sin € slal uin
o0 ] 14.0 748 0.94 30  0.612 0.089 0.278  0.29%
m 11.9 714 0.55 45 0.478  0.036 0.18Y  0.192
L7V ] 13.4 68) 0.56 "  0.488 0.030 0.196  0.254
mI 15.8 19% 0.57 39 0.491 0.018 0.179 0.200
wA? 6.7 752 0.92 0 0.592  0.018 0.139  0.121
uy’ .8 740 0.09 240 0.129 0.000 0.045 0.063
5.2 195 . '60  0.126 0,033 0.055 0.078
mc® 5.8 816 . 270 0.127 0.004 0.046  0.07)
amp* 5.7 86 0.18 300 0.226 0.0%8 0.130  0.165
nr* 4.6 710 - " 0.225 0.035 0.110  0.150.

°P « 523 ms Bg = 10,000 f1. standard altitule with ¥, shown as the flov

at that alti
to o

25 ¢

Table 4.

a

170
190
210
230

m!‘.n other sudjeots were at ses level; 2 wvas assigned

Varjation in the partition coeffioient, m, and ite
slight effect en anticipsted levels of om:doxyhesoglobdim, x(t).

zq
0.538
0.565%
0.390
0.611

%10
0.09%
0.096
0.096
0.097

40
0.206
0.210
0.2')

0.21%

2120
0.384
0.396
0.406
0.419

Givens ’1.02 ® 0.2, Py co » 0,001, Po 760 m %, V3 »

10,000 al sin~!, 2Ms « 800 grems, and x4 o 3.0%0.




delationsh.p le.wée- -ntes of Cxygen .t .i.zetica and

of =lveolar vatvila-l_a irv pen and su®el 1.TIrg et
Al exr t.ae (icces . twia Oof T oiley 81 oy L and

s Nrinc st ai 14,

Pig. 2. Relutionshir te .vee: “ates °f aiveolar asd exp.ratiry
flow 1n men &nd .cuen CUT ax Test 851 sxeriise taasd
on data of Pii.e; ot 8. '3 and Turinc ot 81 14)

Pig. 3.a) Diffusing -3;alizy ¢ tne iunge for carbou acncxide
oompared w.th a.vec.e” tlcw sste (based on data of
Turine gt &l '4 ard Bates ot 8] 17 raking Wean
values d'ring rest A2 cierliad of treir xen and scaen
sutjeces).

b) Relaticnonip Le-wden di1ff.e:ng capacity and total
hemcglobin (2s<:maved acccrding t¢ $:%strand, 6) when
alveolar fl.w approa . rea zerc

Pig. 4. Cosparing predi:zted d!ff.eing capacities fcr carbdbon
monoxide with tL.ae reporzed froa th-ee ladoratories
(Porete: ot ai. - Taciee ¢ wad 3, ref. 18; Porbes et al.
Tadls 5, ref. 5. Ai.nas 8* €1 | Table TII ref R

Pig. 5. Comparirg *se precd.c..che ¢f stesdy state equilibria
achieved Ly a »irglo flux of cardon monoxide, x4 j, and
& tripie flux - Zg 5, T "zeasurea’ valuss of x.
(baasd on data of 'Lii:ertnal ot 8} , 4)

Pig. 6. Prediction of + uca cart:gyemcglelin ae 8 proportion of
total hemcglcdir wi le Z:eazhing e':INr Alr Iz Sxygen
aixtures conta.rirg ‘ra8.es T (aror menigide et at
sea levei and a: u 3..atea Al:iitudes (besed cn data of
Porbes ot 8. ‘- anas Pace o &, , oY)

Pig. 7. Sready sta'e o .-i-..:. .. .e.ols ¢ zartoxyheacglos:in,
Zg t: T VATL. 8 . “lemiIBUIcss oI Lngzired oazben mom-
orlde in a:ir ana % e Lot LXygeu  Givens } -
10,000 8 = r ' P e numaBg ZHL = 800 giame, azd

X, » 0 UE

Pig. 8. Accumulation of _a  Iriei g.ob.n ss & functicn of time,
(1), Woon Iles wirm skl Sg# CoTOOnE8Y.ans of OATRAm
scroxide r.a: . ar Vg - 0O al min' Pe
760 s Hg Zcb - 4D, pcace and 3 « 0 07 Wote
for pu;poees I .. ..a. . epar son Pige 8 through 10
Breg Jruwn () ile 8450 s.81¢

Pig. 9. Accusuis::on ! .ur.ayiezcglotin as 8 fnsticn .f time,

x(t) when Yru “l rg a. a:ffe-snt flcw rates. Qiveas
'XCO"-‘ « ..t P alnC sa Hg, ZBD « 83C grese,
m& X, = O Q2.
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acommulation of carvoxyhssoglobin as 3 function of tine,
x2(t), in sccordanve with different cwmntities of total
body beaoglobin in grams. Jiveas ¥ ¢p = 1077, Fy ,00 =
0.21, Vg = 10,000 »l1 min™ =1, P . 760 -Bg. and x, =
0.02.

RBlimination of carboxyhsmoglobin as s function of time,
z(t) when breathing sir or $8 per ceat mnn at thiee
different total sadient pressures. Givens

107, Pr o, = 0.21 or 0.98, P = 0.5, 1, or 2 cho.puru,
e 10, sl ain~', ZHb « 800 grams, md z, = G.60.
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METHOD OF PREDICTION OF CiFFUSING CAPACITY
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